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MECHANICAL VIBRATION TRANSMISSION
IN THE MARINER '69 SPACECRAFT

I, INTRODUCTION

This report describes an analytical procedure for estimating
vibration transmission in the Mariner '69 apacecraft assembly.
The mechanical vibration transmission path considered involves
the following elements: (1).the Centaur tank-dome or alterna-
tively the vibration test fixture, (2) the adapter stiffeners,
(3) the ring frame, and (4) the spacecraft electronic-assembly
panels (Fig. 1). Analytical predictions of the acceleration
transfer functions for these elements are compared with octave-
band measurements of the transfer functions., Acoustical
vibration transmission paths will be considered in a follow-on
study, and the relative importance of the various transmission
paths will be assessed,

The analytical predictions are based on "statistical energy
analysis" techniques which have been previously describedl/
and utillzed to predict vibration transmission in a model
of the 0GO spacecraft.g/ These techniques are ideally suited
to the calculation of high frequency sound and vibration
transmission, because appllcation of the techniques does not
require knowledge of the acoustic and vibration mode shapes and
the resonance frequencies which depend on the fine details

of spacecraft elements and theilr interconnections, However,
these techniques are only applicable when several vibration
modes occur in the analysis frequency band; so the techniques
are not suited to low-frequency or narrow-band analyses of

vibration transmission.

Statistlical energy analysis techniques yield predictions of
the mean-square vibration response averaged over a frequency
band and over a uniform spatial region., Fortunately, at
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MECHANICAL VIBRATION TRANSMISSION
IN THE MARINER '69 SPACECRAFT

I. INTRODUCTION

This report describes an analytical procedure for estimating
vibration transmission in the Mariner '69 spacecraft assembly.
The mechanical vibration transmission path considered involves
the following elements: (1) the Centaur tank-dome or alterna-
tively the vibration test fixture, (2) the adapter stiffeners,
(3) the ring frame, and (4) the spacecraft electronic-assembly
panels (Fig. 1). Analytical predictions of the acceleration
transfer functions for these elements are compared with octave-
band measurements of the transfer functions. Acoustical
vibration transmission paths will be considered in a follow-on
study, and the relative importance of the various transmission
paths will be assessed.

The analytical predictions are based on "statistical energy
analysis" techniques which have been previously describedl
and utilized to predict vibration transmission in a model

of the OGO spacecraft.g/ These techniques are ideally suilted
to the calculation of high frequency sound and vibration
transmission, because application of the techniques does not
require knowledge of the acoustic and vibration mode shapes and
the resonance frequencies which depend on the fine detaiis

of spacecraft elements and their interconnections, However,
these techniques are only applicable when several vibration
modes occur in the analysis frequency band; so the techniques
are not suited to low-frequency or narrow-band analyses of
vibration transmission,

Statistical energy analysis techniques yield predictions of
the mean-square vibration response averaged over a frequency
band and over a uniform spatial region, Fortunately, at
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high frequencles, the frequency and spatial variations in
response of multimodal aerospace-type structures are generally
quite small, In this report, the space-average, mean-square
acceleration responses of the spacecraft assembly elements

are calculated as a function of frequency. These response
calculations are comparable to data obtained by averaging
acceleration spectra measured at a number of positions on

a structural element and then smoothing the average spectrum
in frequency.

The vibration transmission model of the Mariner '69 spacecraft
assembly is shown in Fig, 1. The model is, of course, quilte
idealized and does not contain all the complexities of the
actual spacecraft construction, The electronic module boards
in the Mariner bus are attached to eight panels which are
connected in the form of an octagon. The primary goal of
this study is to calculate the vibration transmitted from the
spacecraft adapter into these panels. The vibration trans-
mission model consists of the eight spacecraft panels (4),
attached at eight feet to a stiff ring frame (3) at the
upper end of the adapter (Fig. 1). The adapter 1s modeled

as a cylindrical shell with axial stiffeners (2). To model
the flight configuration, we assume that the adapter 1is
mounted on a spherical section of tank dome (la); and to
model the laboratory vibration configuration, we assume the
adapter is mounted on a rigid test fixture (1b).

In our calculationsg, the structural elements of the model are
completely characterized by gross propertles such as: mass,
modal density, and input point impedances calculated for
infinite and semi-infinite structures. To simplify the
calculations, we have neglected the stiffening effects of




the ring frame and tank dome curvature on their modal densities
and input point Ilmpedances, The effects of curvature are not
important above the ring frequency:

Cy

fr T 2ma

where C, 1is the speed of longitudinal waves in the bulk
material and a 1s the radius of curvature. (For the ring
frame and tank dome with C, = 17,000 ft/sec and a = 2.5
ft, £, = 1000 Hz.) Below the ring frequency, our calcu-
lations are approximate and should be refined at a later
date,

In Section II of this report, power balance equations relating
the response of adjacent elements of the spacecraft model are
formulated; in Section III, modal denslties are discussed; 1in
Section IV, the coupling loss factors are calculated; and

in Section V, the acceleration response ratios for the struc-
tural elements are presented, The results of an analytical
and experimental study of vibration transmission between two
plates is presented 1in the appendix,
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II. POWER BALANCE FORMULATION

In this section we formulate power balance equations governilng
the vibration responses of the elements of the model shown
in Fig. 1. These structure-to-structure power balance equa-
tions are based on results for the power flow between the
vibration modes of each structural element., Because of the
structural constraints of the model shown in Fig. 1, only
the following types of vibration modes of each element are
considered.

(la) Tank Dome -- bending vibration modes

(1b) Test Fixture -- horizontal translation (one mode)

(2) Adapter Stiffeners -- bending vibration modes with
motion perpendicular to the adapter shell

(3) Ring Frame -- bending vibration modes with motion
perpendicular to the adapter shell

(4) Spacecraft Panels -- bending vibration modes

In formulating the power balance equations for the model, we
will study four structural elements in sets of two--thus,

we will first study the ring frame and spacecraft panels,
then the adapter stiffeners and ring frame, etc. To be
completely correct, one should study the four elements as

a system in writing the power balance equations. However,
the former simple approach may be shown to be valid in both
the limiting cases where: (1) the coupling loss factors are
very small compared to the internal loss factors, or (2) the
coupling loss factors are very large compared to the internal
loss factors.




A, Ring Frame and Spacecraft Panels
1/

According to statistical energy analysis,= the time-average
povwer flow from the ring frame to the spacecraft panels is
proportional to the difference in the time average modal
energies of the ring frame and spacecraft and is given by:

<Er> <Es>

Py = @ Mg N, N, - -ﬁg— (1)

where W, is the central radian frequency of a frequency
band 4w, Mg is the coupling loss factor from the ring
frame to the spacecraft panels, N is the total number of
vibration modes 1in a frequency band, and <E> 1s the time
average total energy. (The subscript, r, denotes the
ring frame and s the spacecraft panels and <...> denotes
a time average.)

The time-average power dissipated internally in the space-
craft panels is:

<p 4488y _ N, <E_> (2)

S 0

where ns is the internal loss factor of the spacecraft
panels,

Assuming that all the time average power transmitted from the
ring frame to the spacecraft panels is dilssipated internally
in the spacecraft panels, we equate Egs. 1 and 2 to obtaln:
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5. - s . (3)
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rongt r Mg
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Since the total energy is related to the space-average mean

square acceleration <A2>s t of a structure by:
2

E = ;l“—g GO ’ (4)

(o]

where M denotes the structure mass and <"'>s £ denotes
b4
the space-time average and since the coupling loss

factors and number of modes are related by the reciprocity

relation:l/

8 sr r rs ? (5)
we can rewrite Eq, 3 as:

2
<As >s,t _ Mo Ny Mg . (6)

<Ar2>s ¢ Mg N Ngpt0g
2

B, Adapter Stiffeners and Ring Frame

Since the adapter stiffeners and the ring frame are both
intimately connected to the adapter shell, we assume that
the time average modal energies of the adapter stiffeners
and the ring frame are equal:




where the subscript, a, denotes the adapter stiffeners.

Using Eq. 4, the ratio of the ring frame acceleration to the
adapter stiffener acceleration is:

<Ar2>s.t M (7)

2 "M N
<Aa >s,t r-a

(Notice that we could alternately have derived Eq. 7 by
consldering the power flow from the adapter stiffeners
to the ring frame, deriving an equation analogous to
Eq. 6, and assuming that Mhy >> M, which follows from
the fact that the ring frame is tightly coupled to the
adapter stiffeners.)

C. Tank Dome and Adapter Stiffeners

The ratio of the adapter stiffener acceleration to the tank
dome acceleration 1s calculated by considering the power flow
from the tank dome to the adapter stiffeners, The s
involved are identical with those in Section A, and we write
down the result by replacing the subscripts s and r of Eq. 6
with a and t respectively:

-]
<o

<a 2>slt Mo Ny Moy (8)




where the subscript t refers to the tank dome,

D, Test Fixture and Adapter Stiffeners

Similarly, the ratio of the adapter stiffener acceleration to
the test fixture acceleration is written by replacing the
subscripts s and r of Eq. 6 with a and f respectively:

2
BaDsp _ Mo Na Tap
3
Mo Tarty

(9)
<Af2>s,t

where the subscript f refers to the test fixture and we
have taken the number of fixture modes as one,

The response ratios given by Eqs. 6-9 depend on the spacecraft
structural element masses, number of modes, coupling loss
factors, and internal loss factors. When the coupling loss
factors nij that appear in these eXxpressions are large
compared to the internal loss factors ni, the response

ratios are independent of the coupling and internal loss
factors and depend only on the masses and modal densities

(see Eq. 7). Unfortunately, we would expect the coupling

loss factors from the spacecraft to the ring frame and from
the adapter stiffeners to the fixture to be smaller than

the internal loss factors of the spacecraft panels and the
adapter stiffeners respectively. For example, i1f we excited
the spacecraft panels directly with a number of small shakers,
we would expect the energy to be dissipated internally in

the panels and electronic assemblies faster than the energy




would leak out through the feet into the ring frame., We
might expect the coupling loss factor from the adapter
stiffeners to tank dome to be of the same order of magnitude
as the internal loss factor of the adapter stiffeners,

The masses of the spacecraft elements are estimated from
design drawings of the spacecraft assemblies., The number

of modes are calculated from the modal densities which
depend only on the overall dimension and physical properties
of the elements as described in Sectlion III. The coupling
loss factors can be measured or calculated from infinite
system models as we demonstrate in Section IV, The inter-
nal loss factors, which characterize the internal damping

of the elements, must be measured or estimated from past
experience,




III., MODAL DENSITIES

The response ratlos in Eqs. 6-9 depend on Ni’ the number of
vibration modes of the IEE element with resonance frequencies
in the analysis frequency band, Z&w, To estimate the number
of modes in a frequency band, &w, it is convenient to intro-
duce the concept of a "modal density", n,, defined as the

number of modes of the iEQ element in a unit frequency band:

N
ny = _&51._) (10)
Lwy = 0

The number of modes in the frequency band, &w, is of course
then given by:

N, = n,% (11)

From Eq. 11, 1t 1is evident that the modal density concept
i1s valid only 1n the frequency range where several modal

resonance frequencies fall within the analysis frequency

bandwidth.

The usefulness of the modal density concept stems primarily
from the fact that--at frequencles above the first few
resonance frequencies of a structure where the vibration
wavelengths are small compared with the structural dimen-
sions--the modal density of a structure 1s independent of
the boundary conditions and depends only on the gross geo-
metric and physlcal properties of the structure. The modal
densities of a number of simple structural and acoustilcal

-10-



elements have been calculated and tabulated.3/ The modal
density of complex bullt-up structures can be estimated by
adding the modal densities of the constituent elements.
For example, the modal density of a ribbed panel equals

the modal density of the ribs plus the modal density of
the panel.

To illustrate the calculation of modal densities, consider
a simple pinned-pinned steel beam 1/16 in. thick and 3 ft
in length. The resonance frequencies of the beam are
derived from the characteristic equation:

m2w2

a)m = -—L—z- CEK: (12)

where m 1is the mode number, C, 1s the longitudinal speed
of sound (~17,000 ft/sec in steel and aluminum), kK is the
radius of gyration (1/2\[§.times the thickness for a
beam of uniform cross-section), and L 1s the beam length.
The number of modes N(w) with resonance frequenciles

below w is obtained by solving Eq. 12 for m:

N(w) = m = Iy

T Cz’c

and the beam modal density is given by:

n, () =g—filz(ogl=%7rvm——i_%’ (13)

-11-




Thus, the modal density of the beam in our example is:

n(w) = 1/10Vo

and we would expect 7 modes between 1000 and 2000 Hz, (NOTE:
the modal densitles defined in terms of cyclic frequency and
radian frequency are related by n(f) = 27 n(w)).

To calculate the number of modes of the ring frame and the

adapter stiffeners in a frequency band, %w, we use Eqs, 11

and 13, To calculate the number of modes of the spacecraft
panels and the tank dome, we use Eq. 11 and the expression

for the modal density of a flat plate:3/

ny0) = Pk , (14)

where A is the area of the plate., Below the ring fre-
quency (approximately 1000 Hz), the ring frame and tank
dome have a few less modes than Egs., 13 and 14 predict,

-12-




IV, COUPLING LOSS FACTORS

Since the coupling loss factors between an element, i, and an

element, Jj, are related by the reciprocity relation:l/

N4 (15)

we can calculated elther niJ or nji and obtain the reciprocal
coupling loss factor from Eq, 15 and the modal densities.

A, Ring Frame to Spacecraft Panel Coupling Loss Factor

Two types of motion at the spacecraft-panel, ring-frame
Junction result in power transmission into the spacecraft
panels: (1) torsional motion about the line Joining
adjacent spacecraft panels, and (2) radial motion perpen-
dicular to the ring frame and the spacecraft panels., The
radial motion 1s somewhat inhiblted by the stiff octagonal
construction of the spacecraft-panel assembly but an experi-
mental investigation of vibration transmission between two
panels (see the appendix) demonstrated that even small
radial motion can result in large power transmission, 1In
this section, we give a detailed calculation of the coupling
loss factor due to torsional motion and give only the final
result for radial motlon.

To calculate the ring frame to spacecraft coupling loss
factor, nrs’ for torsional motion along the spacecraft
panel junctions, we consider Eq. 1 for the case where the
energy of the spacecraft panels is essentially zero:

_13_



<P,o>

T8 wo E <Es> = 0 b

(16)

-
i

We apply Eq. 16 to the semi-infinite spacecraft-panel and
ring frame model shown in Fig, 2 and calculate the coupling
loss factor.

First, we calculate the power transmitted through one ring-
frame, spacecraft-panel junction when a bending wave of unit
amplitude traveling along the ring frame impinges on the
junction, Assume an incident wave with motion perpendicular
to the ring frame and the spacecraft panels traveling to

the right along the ring frame:

W = ol (er-wt)

where kr is the bending wavenumber in the ring frame

and x is measured from the junction, The angular
veloclty at the junction due to the incident wave 1s:

8y = Tt = Oy ()

The angular veloclty at the junction due to the reflected
wave is:

6. =-M Y (18)

-14-



where M is the twisting moment at the Junction and Y
is the moment admittance of an infinite beam given by: ﬂ/

¥, = —20n) (19)

r
up£C£ r kI‘
where p, 1s the mass per unit length., Similarly, the

angular velocity at the spacecraft foot due to the
wave transmitted into the spacecraft panels is:

6 =M Y (20)

where Ys 1s the normal moment admittance at the edge
of a semi-infinite plate given by:i/

2
k k.a

Y, = —8—— 10,189 + 1 0.275 1n(—§—€] (21)
8 '\/12903"82 [: 245

where p 1s the plate denslty and a is one-half the
width of the foot, (Eq, 21 1s a good approximation
for kja<l.)

Continuity at the ring-frame, spacecraft-panel junction
implies that:

6 +6 =6 (22)

_15-



W W Gk S N N B NS NS NS M AR

Combining Eqs. 17, 18, 20, and 22 ylelds the moment at the
Jjunction:

ok e 10t

M= (23)
n Yr+Ys

and the angular velocity at the junction:

% =T (24)
r

The time average power flow into the spacecraft panels from
one adapter foot is given by:

{Pg? = R (M )R, (6,)>

©?k 2 R (y.)
<PPS> = 21" € 8 ) (25)
| Yr+YS‘

Wle now calculate the time-average total energy of the
ring frame due to the prescribed incident wave of unit
amplitude, The time-average energy associated with the
incident wave is:

2
M w

= O
<Er> - 2

-16-
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Agsuming that the magnitude of the reflected wave is approxi-
mately equal to the maghitude of the incident wave and
neglecting the energy assoclated with the near field adja-
cent to the junction, the time average total energy of the
ring frame is:

kD = Mra.)og (26)

Inserting Eqs. 25 and 26 into Eq. 16 and noting that the
total power transferred into the spacecraft panels from
the eight feet is elght times the power flow given by
Eq. 25, we have:

2
tor _ 4 Ky Re(Ys)
rs wo Mr

n 5 (27)

Yr+Ys

The ring-frame to spacecraft-panel coupling loss factor for
torsional motlon is calculated from Eq, 27 using the space-
craft parameter values given in Table I and is plotted in
Fig. 3.

The octagonal shape of the spacecraft-panel assembly makes
it difficult to determine the ring-frame to spacecraft-
panel coupling loss factor for radial motion. However, we
can calculate an upper bound on this coupling loss factor
by ignoring the octagonal shape and calculating the power
transmitted by the radial moftion for the ring-frame flat-
plate system shown in Fig., 2, Proceeding as we did to
calculate the torgional coupling loss factor, we find:

-17-
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niad - 4 Re (¥ ) (28)
8 w M s /12
o Yr +YB
where Yr' is the force admittance of an infinite beam:ﬂ/
’ w (141
v -t { 2) - (29)
Py 2 “r Kp

and Y, 1s the force admittance at the edge of a semi-
infinite plate:i/

’

1
S VIZpoyk ®

[0.433 + 0.00651] (30)

Y

The ring-frame to spacecraft-panel coupling loss factor for
radial motion 1is calculated from Eq. 28 using the spacecraft
parameter values given in Table I and is plotted in Fig. 3.

B, Fixture to Adapter-Stiffener Coupling Loss Factor

To calculate the fixture to adapter-stiffener coupling loss
factor, we assume that the fixture moves along a horizontal
ax1s with velocity v = e *®% and consider the adapter
stiffeners tc be semi-infinite, The force acting between

the fixture and an adapter stiffener is given by:

F=2 v (31)

-18=~
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rd
where Za 1s the force impedance at the end of a semi-
infinite beam,:E

. POk B 3(1m1)
a = o (32)

Z

The time average power transferred into the adapter stiffeners

is:

Il

<p.> = <Ry (F) R, (v)D

fa

It

1/2 Re(zaf) (33)

and the time average total energy of the fixture is:

{Ep = M./2 (34)

Substituting Eqs. 33 and 34 into Eq. 16 yields the desired
coupling loss factor:

N, = ———— (35)

The adapter-stiffener to fixture coupling loss factor is
calculated from Egs. 15 and 35 using the spacecraft para-
meter values glven in Table I and is plotted in Fig. 3.
We assume the fixture has only one vibration mode, 1i,e.,
translation, Although the adapter-stiffener to fixture
coupling loss factor plotted in Fig. 3 depends on the

- 19_



fixture mass, the fixture mass will cancel out in our
response calculations so that the ratio of the adapter-
gtiffener to filxture acceleratlon 1s independent of the
fixture mass.

C., Adapter Stiffener to Tank Dome Coupling Loss Factor

The adapter stiffener to tank dome coupling loss factor 1is
calculated by assuming that the adapter stiffeners are can-
talevered from a flat plate which pepresents the tank.dome,
The beam to plate coupling loss factor for this configura-~
tion has been studied prevliously— and the result is:

2
2k, Re(Ya)

M (36)
at 2
wo ma Yt+Ya

where m, is the mass of a single adapter stiffener,
Ya is the moment admittance at the end of a semi-
infinite beam:ﬂ/

v, - w(1+1% (37)

2
PaCe g Ky

and Yt is the moment admittance at a stud on an
infinite plate:é

Y, = e 53 [1+1(4/7)1nk r] (38)

32+3pC €y

-20-




where r 1s one-half the stud radius and ktr<1.
The adapter stiffener to tank dome coupling loss factor is

calculated from Eq. 38 using the spacecraft parameter values
given in Table I and is plotted in Fig. 3.

-21-




V. RESPONSE RATIOS

Figures 4-7 present the theoretical response ratios of the
elements in the Mariner spacecraft assembly. In each case,
the response has been taken to be the space-average mean
square acceleration of the element, The theoretical re-
sponse ratlios are calculated from the energy sharing rela-
tions (Eqs. 6-9) derived in Section II using the theoreti-
cal coupling loss factors shown in Fig. 3 and assuming a
value of the internal loss factors of 10-2 in every case,
Since the response ratios are approximately inversely
proportional to the internal loss factors, the response
estimates could be considerably improved if experimental
data on the internal loss factors (damping) of the elements
were available,

Figure 4 presents the ratio of the spacecraft-panel to the
adapter-stiffener acceleration calculated assuming trans-
mission via torsional motion and via radial motion at the
spacecraft feet, The measured values of the acceleration
ratio are greater than those predicted on the basis of
torsional motion alone but less than the values predicted
on the baslis of radial motion, This behavior is in line
with our expectations since the power transmission calcu-
lation for radial motlion neglects the stiffness assoclated
with the octagonal shape of the spacecraft panel assembly
and therefore must be viewed as an upper bound,

Figure 5 presents the theoretical and measured ratios of

the adapter-stiffener to the test-fixture acceleration in
a horizontal vibration test.

-20-




Figure 6 presents the theoretical and measured ratios of
the spacecraft-panel to test fixture acceleration obtained
by multiplying the ratios presented in Figs. 4 and 5.

Figure T presents the theoretical ratio of the adapter-
gstiffener to tank-dome acceleration. This ratio can be
multiplied times the ratios presented in Fig. 4 to obtain
the theoretical ratio of the spacecraft-panel to tank-dome
acceleration inflight, These theoretical acceleration
ratios should be compared with flight data at a later date,

The inflight vibration is commonly measured at the space-
craft feet rather than on the adapter or the spacecraft
panels. In order to calculate the radial vibration at
the spacecraft feet, we have assumed that the ring frame
is loaded by the mass of one spacecraft panel at each
foot, Proceeding with a wave transmission calculation
analogous to that used  to derive Eq., 24 (except that
here we deal with force and velocity rather than with
moment and angular velocity), we can derive the following
expression for the ratio of the radial acceleration at
the spacecraft feet to the reverberant acceleration of
the ring frame:

2 s 12
<A I’eet> - Ym (39)
<h2 > 'Y’+Y -2
r m r

where Yﬁ'is the admittance associated with the lump
mass of one spacecraft panel:

..23...




Y, = 5HTB (40)

(O]

and Yr/ is the force admittance of the ring frame given
by Eq. 29,

Combining Eq. 39 with Eq. 7 and using the spacecraft
assembly parameter values given in Table I, yields the
theoretical spacecraft-feet to adapter-stiffener response
ratio shown in Fig. 8. Measured values of the spacecraft-
feet to adapter-stiffener response ratlo are also plotted
in Fig. 8.

The theoretical values of the response ratios shown in
Fig. 4, 5, 6, and 8 are in qualitative agreement with

the measured values. Since the discrepancies between

the theoretical and measured values are about the same

at low and high frequencies, it does not appear practical
at this time to refine the theoretical ealculations at
low frequencies by including the stiffening effects of
curvature and the nonresonanct, stiffness controlled
transmission--which we have neglected.
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TABLE T

Spacecraft Panels

Total mass of 8 panels
Total area of 8 panels
Thickness of panel

Ring Frame

Total mass of ring frame
Total length of ring frame
Cross-sectional area of ring frame

Adapter Stiffeners

Total mass of 32 adapter stiffeners
Length of one adapter stiffener
a) Adapter stiffener to fixture calculation
b) Adapter stiffener to tank dome calculation
Cross-sectional area of adapter stiffener

Tank Dome

Thickness of the tank dome

1.14 slugs
302l in.°
0.125 in.

0.25 slugs
173 in.
0.476 in.?

0.12 slugs
20 in.

LO in.
0.08 in.

0.25 in.



.
‘ .
N .
/
.

(3) Ring Frame

FIGURE 1.

—a—{—— (4) Spacecraft-Panels

~— (2) Adapter - Stiffeners

(1) Tank Dome -
(or Test Fixture)

VIBRATION TRANSMISSION MODEL OF MARINER %9
SPACECRAFT '
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(Spacecraft-Panel)

F,V (Radial Force and Motion)
®

L o

a M¢, 0t (Tangential Torsion
: and Rotation)

M, 0, (Normal Torsion and

Rotation)

—-Mf, ef

& (Ring=Frame) -F, V 2

FIGURE 2,

CONTINUITY CONDITIONS FOR. SPACECRAFT-PANEL
o AND RING FRAME
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APPENDIX

An experiment was performed to study the relative importance
of torsional and lateral motion in the transmission of power
between two plates. In the experimental set-up, two
identical aluminum plates were connected with a rod as shown
in Fig. 9. The rod was constrained with ball bearings in

an attempt to inhibit lateral motion and allow only torsiqnal
motion. One of the plates was excited with a small shaker

in octave bands of noise and the space-average mean-square
acceleration of each plate was measured.

Theoretical and measured values of the ratio of the unexcited
plate acceleration to the excited plate acceleration are
presented in Fig. 9. The theoretical valyes of the accelera-
tion ratio for lateral motion were calculated assuming that
the bearings were removed and the rod was free to translate
as well as rotate. Notice that the theoretical values of

the acceleration ratio for lateral motion are approximately
10 dB larger than the theoretical values for torsional motion
and agree well with the measured values.

This experiment indicates that even though a structure

is constrained so that the lateral motion at a junction
between two elements is small, the power transmitted by the
small lateral motion may be considerably greater than the
power transmitted by torsional motion.



